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ABSTRACT - \ , 

Reading requires the synthesis of auditory and visual 
skills and therefore involves almost all of. the brain. Stages of 
reading include prereading skil3,s (requiring\ an adequ^jte spoken 
vocabulary) y the ability to name letters arid .'pictures^ go>9d memory 
for spoken sentences^ and manual dexterity in cqpying patterns. 
Learning to read involves the ability to link t^e separate) phoneme^ 
in a word with printed tnaterial. ?dk most children,- an auditory 
method is better than a visual one for teaching reading. ^^illed 
reading depends on knowledge of word probabilities in speeQ]tf..and is 
characterized by the ability to transfer visual inpat into ^ 
comprehension without the intervention of the speech system. -The i 
collaboration of the two sides of the brain is required for skilled 
reading. Poor readers may reflect right brain superiority and be more 
adapt at visuo-spatially oriented disciplines. (Author/KS) 
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Information Processing Models of Readinq# 
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A Developmental Approach^ , ^ 

Jane F. Mackworth, ^ ^ . 

Discusses models in terms of research, mental growth, 
required skills and cerebral processes. 
Baoic Promise: Reading requires the synthesis of auditory and visual 
• . skills, and therefore inolves almost all the brain. 

A Wide range^ of books and journals was consulted,; 
'Pre^seadin q skill6 require an adequate spoken vocabulary, 
the ability to name letters and .pictures, good memojjy for 
spoken sentences and manual dexterity in copying patterns. 
Learning to read involves the .abiUj^ to link the separate • 
phonemes in- a word with the printed material. Ah auditory 
method is better than a' vistial one for teaching the majority 

of children, ,, • 

Skilled reading depends on knowledge of word probabilities 
in speech. It consists largely in confirming guesses. The 
skiUe<i reader may go directly from the visual input to .. 
comprehension, without the interventic^n of t^e speech' system. 

Reading requires the collaboratioh of the tv?o* fides o,f the 
brain Since the lef? -brain deals withi speech, , and the.^ightj 

i/ain is more sTcilled with visuo-spatik material. Poor 

readexs may' have right brain superioril^y, being skilled 

in such arts as arC^iitecture, .painting, ^ sculpture, 

photography, and meishaiiical design. Higher mathemaU^al ^ 

ability- and music may also be related td^ the rigl)t brain. 
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A Developmental Approach I 
y Jane P. Macl^brth 

I Reading is an inte^ative activity that involved; 
the whole br^in, including the le^t and ri^fht hemispheres and the 
brainstem activities of attenliion and alejrtness^ The ability to 
relate the j&rinted word with the spoken word seems to be different 
from eithejff the auditofyydr visual skills* The skilled reader ' , 
canlsliminate 1;he actual/sounding out of words/ ^nd may go directly 
from visual patterns pf words to meaning* .He must^ however, 
process many words xnto speeqh. motor programs (Libeeman, Cooper^ 
Shankweiler, and Studdert-Kennedy, 1967). (21_). High speed reading 
consists .largely/of ^electing the important words, ?ince printed 
te;stt is highly yredundant. Thus Goodman (1970) (15_) has spoken of 
^the p^c;holin^istic guessing game, Howeyer, the child must learn 
the whole pr^icess pf linking the* printed word to tho spoken word. 

Detailed accounts of .models may be found in "Theoretical 
Models and/ Procejsses of Reading" (Singer and Rudell)' 1970 ) {30) f and 
In ''The I^iterature of Research^in Reading, with Emphasis On Models", 
(Davis, F/.B* 1971) (ll) ♦ ' Since models are based on resear^ch, this 
pap^J^ will attempt a synthesis of some recent research whlchfhas 
fclarif^ed our understanding of the\ reading process". • The following 

V . • •• \ . . . . 'x ■ ' V- 

-topiC£if* will be discussed: 

I. PRib-READING SKILLS, 

II. IIJSARNING TO READ 

III. / SKILLED READING ; 
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-IV. /cerebral HIJMISPHERES and reading- DiPFICULTIE$. 



Models of Reading 

]?. PRE-READING SKILLS ' . 

/ Reading readiness depends on a basic set of pre-reading 

/skills. The most important is language ability. Jansky and de 
Hirsch ;^19"72) (18) carried out a comprehensive study of pre-reading 
skills. They tested 347 children towards the end of Kindergarten, 
and then retested them at the end of Grade 2. but of nineteen tests 
that were given in the Kindergarten, five were found^to be most 
predictive of reading performance in Grade 2. The fiv^T^te^ts, in ^ 
descending order of their contribution to reading performance^ wer< 

!• Letter naming T^owj^t 5^(^t>^^^ \lp 0^^ crrdMj 

2. Picture naming 

3. Gates Word Matching 

4. Bender Motor Gestalt 
5* Sentence memory (Binetf), » ' . * 

This battery identified three out of four children • 
wl>d failed in Grade 2, and three out of four who succeeded. Jansky 
identified the following skills required' for learning to read from 
the above tests;, they are listed in decreasing order of their / 
contribution to reading: 

a) Oral language 

b) . Verbal pattern matching (spoken or written) 

c) Vi-sub-motor organization 

d) Verbal pattern memory. 

■ -""he findin^ir therefore form a model of gpre-reading 

skills. The young chiLafneeds a well-developM skill in spoken 
language, as well as the ability to store and recover ,visuo-^atial 
injformation, inclilding visual patterns of letters and words/ With 
particular emphasifl^^^ on left-righl; orientation. These two bas^c " - 
skills involve both b^rain hemispheres, ' In addition, ' the child needs 
the motor skills of spe^h and writing, since he learns the shape of 
the letters and words as m\ich by copying as by reading. He/ also 
needs^ the ability to direct Vnd maintain attention. ^ 



y ^Models of Reading 
II, LEARNING| TO READ , . ' 

^ Bateman (1965) K2) also made a ^tudy of the relation 

between pre-^reading and reading skills. She divided Kindergarten 

children into groups according to their performance on the visual 

and auditory subtests of the Illinois Test of Psycholinguistic 

Abilities (ITPA), The average child scored, nine months higher qn 

o 

the auditory tests than on the visual tests of memory. Half of the ^ 
auditory group and half of the visual group were .given training in 
Girade I by an auditory method (the Lippincott Program) and the other 
two halves were taught by a visual method (the Scott, ?'03?esm3n Program) 

Bateman found thjat, the auditory children learned more 
rapidly than the visual children, and that auditory training was 
superior to visual training for all groups. She concluded that • 
children who prefer the visual modality are handicapped in reading, 
and that all fihildten should be taught by an auditory method. 

Until a child can isolate a phoneme within a spoken ^ 
word, he is unable to match the ^pokep word with the printed' one. , 
The" phonem^^s the smallest unit of speech: for example, the word 
"tin" contains three phonemes but only on^ syllable. I^iberman, 
Shankweiler, Fischer and Carter (1974) (22) have shown that phoneme 
segmentation is more difficult than syll/ble segmentation, and is 
\ perfected later, Ijietween 5 and 7 years Of age. The child becomes 
\ awarfe of the elements of speech ,as he relates them to the printed 
word. The visual child may ach\ieve the ability to hear and 
isolate the phoneme somewhat later than the auditory child. 

Any model of learning to read must be founded upon 



spoken language, with special emphasis on the ^il:/ty to hear and 
record the sequences of phonemes within a spoken v(^brd. This 
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4 / Models of Reading 

sequencing ability, is. often defective in/ th^ pOjbr reader. He miy 
reverse the- order of lettfers witWin a pointed Word. The severely 
handicapped child may ev^n revex^e syll^blQS w:|Lthin a spoken worjd, 
(Clar-ke, 1974) (9). Bod^Sr (197?.i (4) reported: that 63^^ of poor sluL 
readers are unable to he^r the sleparat^ phonemes and to code them 

; I 4 I, 

into the visual patterns of the IprintetJ word. These children usually, 
have good visual ability. The irogno^is for children who have both' 
visual ^nd audi tory dif ficulti.ek is v^ry j^oor. Zigmond (1969) (33) 



found that poor readers 



Were irif erior, to normals on all of -the 
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eleven auditory tests that, they took,, but only one of the four visual 
tests differentiated between the groiips. This one was the digit- 
symbol test, which Zigpond regLrded ^s a syn^olic process. 

Thus it is legitimatei to regslrd reading as the- 
process of coding the printed | symboI,'s in^o spoken words. The learner 
must .memorize the relation between ^^he spoken and the printed word; 
this relationship is a cross/modal Ine between sound and sight. 
Myklebust (1971> (27) has reported' |that syllabication (for example: 
"match-ing") is the skill that distinguishes most strongly betwfeen 
normal and severely handicapped children. Ptibx readers have difficulty 
in matching temporal patterns with spatial ones, even when .both are 
visual, as with flashes of light and dot patterns, (Blank and Bridger, 
1967) (3^). Bryden (1972) (7) found a high correlation between matching 
skills and reading ability for poor readers, but not with good readers. 

Fisher and Rubenstein (19 75a and b)* (13., 14) have shown 
' that 'when children are given visual and auditory tasks (pictures and 
spoken words), skill in integrating the modalities increases with 
age from Grades I through v.. However, this improvement shows a 
decreasing relationship^ with! the ability to process visual or auditory 
material individually as., the children grow older. Cross-modal integration" 

6 ■ 



^ / Models' of Reading ^ 

seems to be a skill separate ^rom t^e^pkills of auditory or visual 
processing. , n • , ' 

Pooi; readers often have inadequate pronunciation, 
possibly due to an inability to hear thersepdrate sounds in words. . 
Chall (1967) (^) found thai speech training ip sequencing aided by 
manual pointing ^Ips many poor readers. Suchj children may also Have 
an inadequate Visual "representation df the'-pririted word in memory. 
They may be unable to recognize that a printed word is spelled 
incorrectly (Mackworth and Mackworth, 1974a) (^S) . They may also be - 
unable to notice th^t two ii«ords sound differently when only the 
order of the letters/distinguishes the two wo'rds, (for e^cample: 
loaf-foal). (Mackworth and Mackworth, 1974b), (J4), (Mackworth, 1975) (25), 

The child who has difficulty , in reading due to , 
environmental deficiencies car) usually be brcfeght up to normal 
standards, but the chiid whos« brain is different from those of his 

0 ... 

peers may never achiqjve the normal standards of reading^ although 
he may be able to learn "enough to function in the working world. He, 
may, however, excel in other directions. ' / 

Researpti has shown that there is little benefit for 
thd poor reader in working with visuo-perceptual programs or with 
physical exercises. These skills' do not help him to read better. 
(O'Donnell, 1968 (Z8), Hammill, 1972 (16), Martin, 1973, (16), Dubois 
an^ Brown, 1973 (12)). The Hartmans (1973) (r7) have pointed out that 
the \ask-oriented approach is now becoming more popular. Reading 
must be taught by reading ^experience. It is a highly sijjecific ski^l. 

\ Thus learning , to read reftjuires the ability to hear 

and undeitstand the sounds of speech and to record them mentally in 
the corre<i(t order. The pup^il must learn, to relate the shapfes and. 
sounds of letters, progressing to the relation between the printed word 



Models df Reading, 
and its sound. The c^bility to translate a temporal sequence into 
a spatial one is a vital part of learning to read* ' 
III. SKILLED READING. . • ' , 

The ski^mp reader does not need pay attention 
to every letter or even to every word. Indeed, he does not need 
to translate all the words into speech, spolcen or silent. Much 
of his speed comes frqm the ability to go straight 'from the visijial 
input to the meaning. This ability is related to prediction. Crosby 
and Liston (1968) ^ (10 ) presented a series of models that show how 
the development of reading skill involves a progressive simplification 
of the reading process. Tl)^' initial level contains the whole process, 
from the visual input through motor speech and hearing to 'final 
comprehension: "How can I know what I said untiJL^I hear :it?'» With^ 
increasing skill, the actual sounding qut is eliminated, and the 
reader goes from the motor programs of speech to the. recognition 
of meaning. In skilled reading the reader may leap from visual 
recognition of the printed* word to comprehension.. ^ 

This ability to comprehend the written word without^ 
coding it into speech patterns arises from the reader*^ knowledge 
of language probability. . He can guess with considerable accuracy 
what will come next, since he has already an understanding^ of what 
the material is describing." His reading consists largely of confirming 
his guesses by matchirxg the. printed word to a stored visual pattern 
already activated. Goodman (1970) (15) and Smith (197lMli), 1973,(12)) 
have argued that skilled reading means the reduction of uncertainty 
about the meaning of the text. ^ Without the cognitive understanding 
that the re.^ider brings to the text, no amount of knowing how to^ code 
the pri,nted wsord into sound will help the reader to understand what 



« \ Models of Reading. 

he has read. It is possible to teach\soineone to sound out Chinese 
symbols without u^erstanding a word. \^ ^ 

The visual input is the basic process, in reading; T^e 
brain can learn to recognize the meaning hidden in the most bizarre 
transformations of print (Kol^rs and Perkins, 1975 (20)). ,Posner^^ 
Lewis and Conrad (1972) (29) have shown that there are at least three ~ 
separate stages in recognition of letter? an^ words by adult^. The \ ^ 
phvs>^cal match normally takes pl^ce most raj^<aly; it is af fe^te^ by 
visual confusion,^ decay and rotation. The visua\L cgjde preserves the 
actual spatial organization. The name match is affected by acoustic 
confusion wit^ other stored names. It sh6wjs\a left tprSight processinq 
order. When the physical match is more difficult, ^.witlj rotation, 
the name mat^h may occur first. The rule match invoiLves the Recognition 
that two items fall into the same Category, such as "ii^J^ing things''; 
it normally * takes longer than the name match. Boies ri971) 'f£) found" 
that physical matches of Xatters are unimpaired even when^ the patient 
is aphasic. 

Smith (1973) (32^) pointed out that there is a\trade-off 
between visual and non-visuaX information in' reading. When tlie readelh- 
understands what he is reading, he needs to pay minimal attentiW^ 
to the pi-ocess of converting" the visual symbols into silent speech. 
He needs to recogni^ only a ^tter or two in a predicte\i word to 
verify his guess. Thi/s he usually fails to notice ^misprints^ 
he is specifically looking for them. Even young readers^ can get the 
sense of a passage from a few key words, and often Vread" words tl^at 
are not on the printed page, but make sense* 
I. CEREBRAL HEMISPHERES AND READING PI FF I CUIiTIES. 

The differentiation of the left and right sides of 
the brain is unique to hximans. ' The left hemisphere usually Contains 
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the speech center, arid also controls the skilled right hand,- The | 
right hemisphere deals with vistio-^ spatial activities, such as matching 
a printed letter with iib? memory image. Klatzky (1970) <19) projected, | 
letters to the right and ;|.ef t hemispheres; the subject was asked to 
decide if the, letter matched one in a set that lyad been shown 
^eviously^ Reaotiori times were fastest when 'the letters were 
processed by the right hemisphere.^ Damage td the right brain may 
also interfere with the ability to return the eyes accurately to 
the beginning ofv^he next line. " ^ 

^ -/^ , Many children with inadequate lateralization may have 
difficulty with verbal skills. Bryden (1970) (^) reported that boys 
S^tli opjiosite la^teralization of speech and motor functions may 3how ^ 
• a significajitly higher. proportion of poor readers than those- with . / 
normal lateralization. Injadequate lateralization may cause .reversals 
of letters and even syllables. Many boys with reading problems cjnay 
.perform well on spatial tasks. Bannatyne (1973)/found thiat sucTi 
children did- well on Picture Completion,^ 6lock Design and Object ^ ^ 
Assembly teste of the WISC. ■ Many famous creative people have been 
left-handed. They may excel in painting, photography, sculpture, music 
and higher mathematics, all of which appear to be right brain skill^^ 

Mackworth andHackworth (1974b) (24) found that there 
was no difference between gool; ^nd poor readers i^i the ability to 
identify pictori0l details by Jc^bin ting; both groups showed a wide 
rangis of skill. When however students were asked to relate a simple 
word to a complex picture, the poojc; readers took loriger than the 
good ones .to decide that the word was not related to the picture^ 
Conclusions. , - 

Reading involves the integration of m^any different^ 
part:£» of the brain. The young learner must be ab.le to hear and 
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Models .of Readi ng 

memorize the* sounds and sequences of speech, ahd then heX^an learn 1 
to translate ' the printed symbols into the spoken word* This\ comj^lex 
integration involves the spatial skills of the right brain ak well 
,as the sequencing ability of thd left br§in» Adult skilled reading 

irvakes less use of the inner speech mechanism, and more u$e of- tKe ' 

ability to predict what will come next.^he Question "What is reading?** 
can only be answered by another question: " Who is reading what for 



what purpose ?" 
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